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(54)    Electrode for lithium ion secondary battery and lithium ion secondary battery using the 
same 

(57) A uniform mixture of a powdered active mate- 
rial (1), conductive fibers (2), and a binder resin is 
applied to a polytetraf luoroethylene plate, etc. to a pre- 
scribed thickness and dried to form a sheet electrode 
(8). A pair of electrodes (8) is adhered to a separator (9) 

to make an electrode laminate (10). A battery is formed 
of the electrode laminate (10) or a plurality of the elec- 
trode laminates (10). 

FIG. 1 
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Description 

Background of the invention: 

1. Field of the Invention: s 

This invention relates to an electrode for a lithium 
ion secondary battery and a lithium ion secondary bat- 
tery using the same. More particularly, it relates to an 
electrode structure which can provide such a lithium ion 10 
secondary battery that can take an arbitrary shape, for 
example a thin shape, and has a large energy storage 
density. 

2. Description of the Related Art: is 

There has been a great demand for reduction in 
size and weight of portable electronic equipment, and 
its realization relies heavily on improvement of the bat- 
tery used therein in performance. To meet the demand, 20 
development and improvement of a variety of batteries 
have been proceeding. Characteristics required of bat- 
teries include a high voltage, a large energy density, and 
safety. Lithium ion batteries are secondary batteries that 
are the most expected of so far developed batteries to 25 
achieve a high voltage and a large energy density and 
will undergo further improvements. 

The main part of a lithium ion secondary battery 
comprises a positive electrode, a negative electrode, 
and an ionically conducting layer interposed between 30 
the electrodes. The lithium ion secondary batteries that 
have been put to practical use generally employ a posi- 
tive electrode plate prepared by applying a mixture of a 
powdered active material, such as a lithium-cobalt 
oxide, electrically conductive powder, and a binder resin 35 
to an aluminum current collector, a negative electrode 
plate prepared by applying a mixture of a powdered car- 
bonaceous active material and a binder resin to a cop- 
per current collector, and an ionically conducting layer 
made of a porous film of polyethylene, polypropylene, 40 
etc. as a separator filled with a lithium ion-containing 
nonaqueous electrolytic solution. 

The improvements on lithium ion secondary batter- 
ies in energy density and charge and discharge effi- 
ciency greatly rely on the packing density of an active 45 
material in each electrode and the utilization of the 
active material. Fig. 8 schematically illustrates the cross 
section of an electrode 8 used in a conventional lithium 
ion secondary battery, which is disclosed, e.g., in JP-A- 
63-121263 (the term "JP-A" as used herein means an so 
"unexamined published Japanese patent application"). 
In Fig. 8 reference numeral 1 indicates a powdered 
active material; 6 an electricalty'conductive powder; and 
7 a current collector. Trie current collector 7 used in the 
state-of-the-art electrode, on which an active material is ss 
to be applied, is a planar structure, such as foil and net. 
If the powdered active material 1 alone is applied to the 
current collector 7, since the amount of the active mate- 
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rial in direct contact with the current collector 7 is lim- 
ited, the current collecting efficiency is not much. 
Therefore, electrically conductive powder 6. for exam- 
ple, carbon powder should be mixed with the active 
material powder as stated above. 

As described above, a conventional lithium ion sec- 
ondary battery uses a sheet electrode formed by coat- 
ing a current collector with a powdered active material 
mixed with electrically conductive powder for securing 
sufficient current collecting efficiency. The problem is 
that the use of the conductive powder reduces the pack- 
ing density of the active material in the electrode. 

Where the battery has a thin shape, it is very likely 
that the battery is deformed repeatedly by the outer 
force. In the above-described conventional battery 
structure, the active material layer tends to be sepa- 
rated from the current collector or broken by the repeti- 
tion of deformation. Hence, it has been difficult for a thin 
type battery to maintain durability and safety. 

Summary of the Invention 

The present invention has been made for the pur- 
pose of solving these problems. An object of the present 
invention is to provide a lithium ion secondary battery 
which is highly durable, hardly broken, and safe, can 
take an arbitrary shape, such as a thin shape, and has 
a large energy density and excellent charge and dis- 
charge characteristics. 

Another object of the present invention is to provide 
an electrode for providing the above-described battery. 

The present invention provides an electrode for a 
lithium ion secondary battery, which is a sheet formed of 
a mixture comprising a powdered active material and 
electrically conductive fiber. 

A first aspect of the electrode is an electrode of the 
present invention, which comprises a fiber-containing 
active material layer of sheet form formed of a mixture 
comprising a powdered active material and electrically 
conductive fiber. 

A second aspect of the electrode is an electrode of 
the first aspect, further comprising an active material 
layer comprising the powdered active material formed 
thereon. 

A third aspect of the electrode is an electrode of the 
first aspect wherein the fiber-containing active material 
layer is formed on an electrically conductive film. 

A fourth aspect of the lithium ion secondary battery 
is a battery of the present invention, wherein at least 
one of said positive electrode and negative electrode 
comprises a fiber-containing active material layer of 
sheet form formed of a mixture comprising a powdered 
active material and electrically conductive fiber 

A fifth aspect of the lithium ion secondary battery is 
a battery of the fourth aspect, wherein the electrolyte is 
a solid electrolyte. 

A sixth aspect of the lithium ion secondary battery 
is a battery of the fourth aspect, wherein the electrolyte 
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is a separator retaining an electrolytic solution. 
A seventh aspect of the lithium ion secondary bat- 

tery is a battery of the present invention, comprising plu- 
rality of electrode laminates each of which is composed 
of a positive electrode, a negative electrode and electro- 5 
lyte interposed therebetween, wherein at least one of 
said positive electrode and negative electrode com- 
prises a fiber-containing active material layer of sheet 
form formed of a mixture comprising a powdered active 
material and electrically conductive fiber. 10 

A eighth aspect of the lithium ion secondary battery 
is a battery of the seventh aspect, wherein said plurality 
of electrode laminates are fabricated of a plurality of cut 
sheets of the electrolyte between which positive elec- 
trodes and negative electrodes are alternately inter- 15 
posed. 

A ninth aspect of the lithium ion secondary battery 
is a battery of the seventh aspect, wherein said plurality 
of electrode laminates are made up of a pair of wound 
electrolytes between which the positive electrodes and 20 
the negative electrodes are alternately interposed. 

A tenth aspect of the lithium ion secondary battery 
is a battery of the seventh aspect, wherein said plurality 
of electrode laminates are made up of a pair of folded 
electrolytes between which the positive electrode and 2s 
the negative electrode are alternately interposed. 

Brief Description of the Drawings; 

Fig. 1 is a schematic cross section of the electrode so 
according to the present invention. 

Fig. 2 is a schematic cross section of an embodi- 
ment of the electrode according to the present inven- 
tion. 

Fig. 3 is a schematic cross section of another 35 
embodiment of the electrode according to the present 
invention. 

Fig. 4 is a schematic cross section of still another 
embodiment of the electrode according to the present 
invention. *o 

Fig. 5 is a schematic cross section of the main part 
of a lithium ion secondary battery according to one 
embodiment of the present invention. 

Fig. 6 is a schematic cross section of the main part 
of a battery according to another embodiment of the 45 
present invention. 

Fig. 7 is a schematic cross section of the main part 
of a battery according to still another embodiment of the 
present invention. 

Fig. 8 is a schematic cross section of a conventional so 
electrode for a lithium ion secondary battery. 

Description of the preferred Embodiment 

The practice of the present invention will be ss 
described by referring to the accompanying drawings. 

Fig. 1 is a schematic cross section showing the 
basic structure of the electrode for a lithium ion second- 

ary battery according to the present invention. The elec- 
trode 8 is made up of a fiber-containing active material 
layer comprising a powdered active material 1 and elec- 
trically conductive fiber (hereinafter simply referred to 
as conductive fiber) 2. The electrode 8 is obtained by, 
for example, uniformly mixing a powdered active mate- 
rial 1, conductive fiber 2, and a binder resin, applying 
the mixture on a substrate, such as a polytetraf luoroeth- 
ylene sheet to a prescribed thickness, followed by dry- 
ing to obtain sheeting. 

The electrode having the structure of Fig. 1 has 
electrical conductivity and flexibility and can be handled 
as sheeting (sheet or plate) without a substrate as a 
supporting member. Since the conductive fiber dis- 
persed in the electrode acts as a current collector, a 
conventionally employed current collector, such as 
metal foil or metal net, is not necessary. Thus the elec- 
trode achieves reduction in weight while retaining satis- 
factory current collecting efficiency. Containing no 
conductive powder, the electrode has an increased 
packing density of the active material. Compared with a 
conventional electrode comprising a current collector 
having formed thereon an active material layer, the elec- 
trode of the present invention is markedly rich in soft- 
ness, exhibiting improved durability against deformation 
and resistance to break. An electrolytic solution can 
easily be infiltrated into the electrode to sufficiently fill 
every voids in the electrode. Because of the absence of 
a current collector, the amount of the active material to 
be packed can be increased over a conventional elec- 
trode of the same weight, thereby improving perform- 
ance. 

Fig. 2 is a schematic cross section of a basic struc- 
ture of the lithium ion secondary battery according to 
the present invention. The battery of Fig. 2 has a single 
electrode laminate 10 comprising a positive electrode 
8a and a negative electrode 8b bonded through a sepa- 
rator 9 therebetween. When the electrode of the present 
invention is applied to this battery structure, an 
increased energy density at charge and an improved 
charge and discharge efficiency can be obtained. The 
electrode laminate 10 can take any arbitrary shape such 
as a thin shape and exhibits improved resistance 
against deformation, realizing improvements in durabil- 
ity, reliability, and safety. 

Fig. 3 is a schematic cross section of an embodi- 
ment of the electrode according to the present inven- 
tion. The electrode 8 comprises a fiber-containing active 
material layer 3 formed of a uniform mixture comprising 
a powdered active material 1 and conductive fiber 2 and 
a thin active material layer 4 made of a powdered active 
material 1. 

The electrode of Fig. 3 and a lithium ion secondary 
battery having the structure of Fig. 2 in which the elec- 
trodes of Fig. 3 are used have the same effects as 
described above. In addition, the active material layer 4 
prevents the conductive fiber 2 from projecting over the 
surface of the electrode so as not to scratch the separa- 

3 

;iD: <EP 0856898A2J_> 



r r 

5 EP0 8561 

tor when assembled into a battery. As a result, safety 
can be improved. 

The thickness of the active material layer 4 does not 
need to exceed such that can prevent the conductive 
fiber 2 from projecting over the surface. It is desirable for 5 
the active material layer not to have a large thickness. 
Too large a thickness rather reduces the current collect- 
ing efficiency, tending to impair the above effects. 

Rg. 4 is a schematic cross section of another 
embodiment of the electrode according to the present 10 
invention. The electrode 8 comprises an electrically 
conductive film (hereinafter simply referred to as con- 
ductive film) 5 having formed thereon a fiber-containing 
active material layer 3 made of a uniform mixture com- 
prising a powdered active material 1 and conductive is 
fiber 2. 

According to this embodiment, too, a high perform- 
ance electrode can be obtained because the packing 
density of the active material is increased owing to the 
absence of conductive powder. Compared with a con- so 
ventional electrode comprising a current collector hav- 
ing formed thereon an active material layer, the 
electrode of this embodiment has higher performance in 
softness and durability and flexibility against deforma- 
tion: The electrode can provide a lithium ion secondary 25 
battery having high reliability and safety, a large energy 
density, and improved charge and discharge efficiency. 

The active material which can be used in the posi- 
tive electrode include complex oxides of lithium and a 
transition metal, such as cobalt, nickel or manganese; 30 
chalcogen compounds containing lithium or complex 
compounds thereof; and these complex oxides, Li-con- 
taining chalcogen compounds or complex compounds 
thereof that contain various dopant elements. While any 
substance capable of intercalating and disintercalating 35 
lithium ions, which take the main part of the battery per- 
formance, can be used as a negative electrode active 
material, preferred active materials for use in the nega- 
tive electrode include carbonaceous compounds, such 
as graphitizing carbon, non-graphitizing carbon, poly- 40 
acene, and polyacetylene; and aromatic hydrocarbon 
compounds having an acene structure, such as pyrene 
and perylene. 

The active materials are used in a powdered or par- 
ticulate state. Particles having a particle size of 0.3 to 20 45 
jim can be used. A preferred particle size is 1 to 5 urn. If 
the particle size is too small, the surface area of the 
active material particles coated with the binder resin 
becomes too much to perform lithium ion intercalation 
and disintercalation efficiently at charge and discharge, so 
resulting in reduction of battery characteristics. If the 
particle size is too large, it is not easy to form the active 
material mixture into a thin film, and the packing density 
is reduced. 

The conductive fiber which can be used in the 55 
present invention is not particularly limited as long as it 
has electron conductivity and undergoes no reaction in 
an electrode. Useful conductive fiber includes metal 

fiber, such as aluminum fiber, copper fiber, and stainless 
steel fiber, and carbon fiber. It is preferable for the indi- 
vidual fibers to have a diameter of 5 to 200 u.m, particu- 
larly 5 to 100 pm, and a length of 1 to 100 mm, 
particularly 7 to 30 mm. It is difficult to give sufficient 
strength to the electrode with finer fibers. Thicker fibers 
not only make it infeasible to form a thin electrode but 
have reduced current collecting efficiency. Too long or 
too short fibers make it difficult to form the active mate- 
rial mixture into sheeting. Where a fiber-containing 
active material layer is to be formed on a conductive 
film, fibers having shorter lengths can also be used. 

Any metal stable within a battery can be used as a 
conductive film. Aluminum is preferred for a positive 
electrode, and copper is preferred for a negative elec- 
trode. The conductive film can be foil, net, expanded 
metal, etc. Those presenting a large void area, such as 
net and expanded metal, are preferred from the stand- 
point of ease of impregnation with an electrolytic solu- 
tion after adhesion. 

The ionically conducting layer which is put in 
between electrodes in assembling a lithium ion second- 
ary battery is not particularly limited and includes a sep- 
arator impregnated with an electrolytic solution, a gel 
electrolyte, and a solid electrolyte. The electrolytic solu- 
tion can be prepared from a nonagueous solvent and a 
lithium-containing electrolyte salts that have been 
employed in conventional batteries. Examples of useful 
solvents include ethers, such as dimethoxyethane, 
diethoxyethane, diethyl ether, and dimethyl ether; 
esters, such as ethylene carbonate, propylene carbon- 
ate, diethyl carbonate, and dimethyl carbonate; and 
mixed solvents consisting of two members selected 
from the ether solvents or the ester solvents or mixed 
solvents consisting of one member selected from the 
former group and one member selected from the latter 
group. Examples of useful electrolyte salts are LiPF6, 
LiAsF6, LiCI04, UBF4, LiCF3S03, UN(CF3S02)2. and 
UC(CF3S02)3. 

The structure of the lithium ion secondary battery 
according to the present invention includes a single 
electrode laminate structure shown in Fig. 2, which is 
composed of a pair of electrodes stuck to a separator 
and multilayer structures, such as a tabular multi-lami- 
nate structure shown in Fig. 5 which is composed of a 
plurality of electrode laminates and tabular roll type 
structures shown in Figs. 6 and 7 in which an electrode 
laminate is rolled up into an oblong ellipsoid. The lithium 
ion secondary battery of the present invention is charac- 
terized by an increased energy density at charge, 
improved charge and discharge efficiency, freedom of 
shape (any arbitrary shape, such as a thin shape, can 
be taken), and improved resistance to deformation 
which leads to improved durability, reliability and safety. 
Therefore, when in particular the electrode of the 
present invention is applied to the multilayer structures, 
there are provided compact and high performance bat- 
teries having a large battery capacity and excellent 
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durability and reliability. 
The present invention will now be illustrated in 

greater detail with reference to Examples, but it should 
be understood that the invention is not construed as 
being limited thereto. Unless otherwise noted, ail the s 
percents are given by weight. 

EMBODIMENT 1 

Seventy percents of LiCo02> 25% of aluminum fiber 10 
having a diameter of 30 um and a length of 2 to 20 mm, 
and 5% of polyvinylidene fluoride (hereinafter abbrevi- 
ated as PVDF) were dispersed in a solvent, such as N- 
methylpyrroiidone, to prepare a positive electrode active 
material paste The paste was applied to a poly- is 
tetrafluoroethylene (hereinafter abbreviated as PTFE) . 
plate with a doctor blade to a thickness of about 300 
and dried to prepare a positive electrode. 

EMBODIMENT 2 20 

Seventy-five percents of Mesophase Microbead 
Carbon (a trade name, produced by Osaka Gas Co., 
Ltd.), 20% of carbon fiber having a diameter of 13 
and a length of 10 mm ("DONACAREBO S CHOP" pro- 25 
duced by Donac K.K.) and 5% of PVDF were dispersed 
in a solvent to prepare a negative electrode active mate- 
rial paste. The paste was applied to a PTFE plate with a 
doctor blade to a thickness of about 300 um and dried to 
prepare a negative electrode. 30 

EMBODIMENT 3 

Seventy-five percents of Mesophase Microbead 
Carbon (a trade name, produced by Osaka Gas Co., 35 
Ltd.), 20% of copper fiber having a diameter of 30 um 
and a length of 2 to 20 mm, and 5% of PVDF were dis- 
persed in a solvent to prepare a negative electrode 
active material paste. The paste was applied to a PTFE 
plate with a doctor blade to a thickness of about 300 um 40 
and dried to prepare a negative electrode. 

EMBODIMENT 4 

Seventy-five percents of UCo02, 15% of stainless AS 
steel f foer having a diameter of 8 and a length of 30 
mm ("Nasron" produced by Nippon Seisen Co., Ltd.), 
and 5% of PVDF were dispersed in a solvent to prepare 
a positive electrode active material paste. The paste 
was applied to a PTFE plate with a doctor blade to a so 
thickness of about 300 ^m and dried to prepare a posi- 
tive electrode. 

All the electrodes prepared in Embodiments 1 to 4 
had electrical conductivity and flexibility and could be 
handled as a film without a substrate. Because the 55 
active material powder and the conductive fiber were 
uniformly mixed, the electrodes had a satisfactory cur- 
rent collecting efficiency. They weighed less than con- 
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ventional ones because of the absence of a current 
collector, such as metal foil or metal net. They had an 
increased packing density of the active material owing 
to the absence of conductive powder. They had flexibil- 
ity and softness, had improved durability against defor- 
mation, and were hardly broken. 

The electrodes of the present invention can be 
applicable by coating directly on both surface of the sep- 
arator, respectively. According to the case, an adhesive 
layer is not required and it is easy to mount. 

Preferably stainless steel fiber has a diameter 
smaller than 50 um. More preferably stainless steel fiber 
has a diameter smaller than 30 um. 

The drying step can be conducted by heating to 
100-150°C for 20 minutes. Preferably the drying step 
can be conducted by heating to 120-150°C. The drying 
step can be conducted by heating under pressure at the 
temperature more than 120°C by hot press method. 

EMBODIMENT 5 

LiCo02 and aluminum fiber having a diameter of 30 
pm and a length of 2 to 20 mm were mixed at a weight 
ratio of 7:3, and the mixture was stirred in a 3% solution 
of PVDF in N-methylpyrrolidone as a solvent and made 
to sediment uniformly on a PTFE membrane filter. After 
the solvent was removed, a PTFE plate was pressed 
onto the cast film, and the film was dried to form an elec- 
trode having a thickness of about 180 um. The resulting 
electrode exhibited excellent characteristics similarly to 
the foregoing Embodiments. 

EMBODIMENT 6 

Seventy percents of LiCo02,25% of aluminum fiber 
having a diameter of 30 um and a length of 2 to 20 mm, 
and 5% of PVDF were dispersed in a solvent to prepare 
a positive electrode active material paste. The paste 
was applied to a PTFE plate with a doctor blade to a 
thickness of about 300 um and dried to form a fiber-con- 
taining active material layer. A positive electrode active 
material paste prepared from 90% of LiCo02 and 10% 
of PVDF was applied on the fiber-containing active 
material layer with a bar coater and dried to form an 
active material layer. There was obtained an electrode 
composed of a fiber-containing active material layer and 
a fiber-free active material layer. The resulting electrode 
exhibited excellent characteristics similarly to the fore- 
going Embodiments. Additionally, safety was improved 
because the conductive fiber was not exposed on the 
surface. 

EMBODIMENT 7 

Seventy percents of UCo02,25% of aluminum fiber 
having a diameter of 30 um and a length of 2 to 20 mm, 
and 5% of PVDF were dispersed in a solvent to prepare 
a positive electrode active material paste. The paste 
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was applied to a 20 urn thick aluminum foil as a conduc- 
tive film with a doctor blade to a thickness of about 200 
um and dried to form a positive electrode composed of 
a conductive film having formed thereon a fiber-contain- 
ing active material layer. Since the active material pow- 
der and the conductive fiber were uniformly mixed, the 
electrode exhibited satisfactory current collecting effi- 
ciency. Containing no conductive powder, the electrode 
had a large packing density of the active material 
thereby exhibiting excellent characteristics. Further, the 
electrode had flexibility, securing improved durability 
against deformation. 

FMBODIMENT 8 

A separator (Cellguard #2400, produced by 
Hoechst Celanese Plastics Ltd.) was sandwiched in 
between the positive electrode obtained in Embodiment 
1 and the negative electrode obtained in Embodiment 2. 
The electrode laminate was impregnated with an elec- 
trolytic solution of lithium hexafluorophosphate (electro- 
lyte) in a mixed solvent of ethylene carbonate and 1,2- 
dimethpxyethane. Trie impregnated electrode laminate 
was put in an aluminum laminate film pack, and the film 
pack was heat-sealed while evacuating so as to prevent 
air from being entrapped between the electrodes to 
complete a battery having a single electrode laminate. 
The electrolytic solution was smoothly infiltrated into the 
electrode to sufficiently and easily fill the voids in the 
electrode. 

On evaluating the battery characteristics, the 
energy density per unit weight was 90 Wh/kg. Even after 
200 charge and discharge cycles at a current of C/2, the 
charge capacity was as high as 75% of the initial level. 
There was obtained a lithium ion secondary battery 
having a large energy density and excellent charge and 
discharge characteristics. Compared with conventional 
batteries of the same structure but using a current col- 
lector such as metal net, the resulting battery was rich in 
softness, hardly underwent deterioration in battery char- 
acteristics due to deformation by outer force, and had 
high reliability and safety. 

EMBODIMENT 9 

A separator (Cellguard #2400. produced by 
Hoechst Celanese Plastics Ltd.) was sandwiched in 
between the positive electrode obtained in Embodiment 
6 and the negative electrode obtained in Embodiment 2. 
The electrode laminate was impregnated with an elec- 
trolytic solution of lithium hexafluorophosphate (electro- 
lyte) in a mixed solvent of ethylene carbonate and 1,2- 
dimethoxyethane and put in an aluminum laminate film 
pack. The film pack was heat-sealed while evacuating 
so. as to prevent air from being entrapped between the 
electrodes to complete a battery having a single elec- 
trode laminate. The electrolytic solution was smoothly 
infiltrated into the electrode similarly to Embodiment 8. 

On evaluating the battery characteristics, the 
energy density per unit weight was 93 Wh/kg. Even after 
150 charge and discharge cycles at a current of C/2, the 
charge capacity was as high as 78% of the initial level. 

5 There was obtained a lithium ion secondary battery 
having a large energy density and excellent charge and 
discharge characteristics. Similarly to Embodiment 8, 
the resulting battery was rich in softness, hardly under- 
went deterioration in battery characteristics due to 

to deformation by outer force, and had high reliability and 
safety. 

EMBODIMENT 10 

15 A separator (Cellguard #2400, produced by 
Hoechst Celanese Plastics Ltd.) was sandwiched in 
between the positive electrode obtained in Embodiment 
7 and the negative electrode obtained in Embodiment 2. 
The electrode laminate was impregnated with an elec- 

20 trolytic solution of lithium hexafluorophosphate (electro- 
lyte) in a mixed solvent of ethylene carbonate and 1,2- 
dimethoxyethane and put in an aluminum laminate film 
pack. The film pack was heat-sealed while evacuating 
so as to prevent air from being entrapped between the 

25 electrodes to complete a battery having a single elec- 
trode laminate. 

On evaluating the battery characteristics, the 
energy density per unit weight was 80 Wh/kg. Even after 
150 charge and discharge cycles at a current of C/2, the 

30 charge capacity was as high as 75% of the initial level. 
There was obtained a lithium ion secondary battery 
having a large energy density and excellent charge and 
discharge characteristics. 

35   EMBODIMENT 11 

A separator (Cellguard #2400. produced by 
Hoechst Celanese Plastics Ltd.), the positive electrode 
prepared in Embodiment 1, and the negative electrode 

40 prepared in Embodiment 2, each of which had been cut 
in prescribed sizes, were repeatedly superposed in this 
order to form a tabular laminate battery body having the 
structure shown in Fig. 5. Current collecting tabs con- 
nected to the every end of the positive electrodes and 

45 the negative electrodes were connected by spot welding 
to make electrical connections in series. The battery 
body was impregnated with an electrolytic solution of 
lithium hexafluorophosphate (electrolyte) in a mixed sol- 
vent of ethylene carbonate and 1,2-dimethoxyethane 

so and put in an aluminum laminate film pack. The film 
pack was heat-sealed while evacuating so as to prevent 
air from being entrapped between the electrodes to 
complete a battery having a multilayer structure. Simi- 
larly to the single laminate battery obtained in the fore- 

55 going Embodiments, there was obtained a lithium ion 
secondary battery having a large energy density, excel- 
lent charge and discharge characteristics, and high 
durability, reliability and safety. Especially according to 
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use the electrodes of the present invention, it has an 
advantage that impregnation with an electrolytic solu- 
tion into the laminate is easy. The battery had an 
increased battery capacity, yet it was compact. 

EMBODIMENT 12 

A positive electrode having a band form was pre- 
pared in the same manner as in Embodiment 2. The 
positive electrode was sandwiched in between a pair of 
separators (Cellguard #2400. produced by Hoechst 
Celanese Plastics Ltd.), and one end of the resulting 
laminate was folded back at a prescribed length, and a 
piece of a negative electrode which was prepared in the 
same manner as in Embodiment 1 and cut in a pre- 
scribed length was inserted into the fold, and the lami- 
nate was passed through a laminator. Subsequently, 
and another piece of the negative electrode cut in a pre- 
scribed length was placed on the separator at the posi- 
tion lacing the negative electrode inserted into the fold. 
The separator/positive electrode/separator laminate 
was given a half turn while enveloping the negative 
electrode in to make an oblong ellipsoid. Another half 
turn was given to the laminate with a still another cut 
piece of the negative electrode inserted therein. These 
steps were repeated to roll up the laminate into a tabular 
roll type battery body having a plurality of electrode lam- 
inates as shown in Fig. 6. Current collecting tabs con- 
nected to the every end of the positive electrodes and 
the negative electrodes were connected by spot welding 
to make electrical connections in series. The battery 
body was impregnated with an electrolytic solution of 
lithium hexafluorophosphate (electrolyte) in a mixed sol- 
vent of ethylene carbonate and 1,2-dimethoxyethane 
and put in an aluminum laminate film pack. The film 
pack was heat-sealed while evacuating so as to prevent 
air from being entrapped between the electrodes to 
complete a battery having a multilayer structure. Simi- 
larly to the battery of Embodiment 11, there was 
obtained a compact lithium ion secondary battery hav- 
ing a large energy density, excellent charge and dis- 
charge characteristics, a large battery capacity, and 
high durability, reliability and safety. 

While in this embodiment a separator/positive elec- 
trode/separator laminate was rolled up while inserting a 
cut piece of the negative electrode for every half turn, 
the multilayer battery can also be prepared by rolling up 
a separator/negative electrode/separator laminate while 
inserting a cut piece of the positive electrode for every 
half turn. 

Further, instead of rolling, the separator/elec- 
trode/separator laminate may be folded successively 
while inserting a cut piece of the counter electrode for 
every fold. 

EMBODIMENT 13 

A positive electrode of band form prepared in the 

same manner as in Embodiment 2 was arranged 
between a pair of separators (Cellguard #2400, pro- 
duced by Hoechst Celanese Plastics Ltd.). A negative 
electrode of band form prepared in the same manner as 

5 in Embodiment 1 was arranged on one of the separa- 
tors with a prescribed length of its starting end sticking 
out over the end of the separator. The sticking end of the 
negative electrode was first passed through a laminator, 
and the negative electrode, the separator, the positive 

10 electrode, and the separator were then passed through 
the laminator to prepare a laminate of band form. The 
sticking end of the negative electrode was folded back, 
and the laminate was rolled up in such a manner that 
the folded negative electrode might be wrapped in to 

15 make an oblong ellipsoid to form a tabular roll type bat- 
tery body comprising a plurality of electrode laminates 
as shown in Fig. 7. The battery body was impregnated 
with an electrolytic solution of lithium hexafluorophos- 
phate (electrolyte) in a mixed solvent of ethylene car- 

20 bonate and 1,2-dimethoxyethane and put in an 
aluminum laminate film pack. The film pack was heat- 
sealed while evacuating so as to prevent air from being 
entrapped between the electrodes to complete a battery 
having a multilayer structure. Similarly to the batteries of 

25 Embodiments 11 and 12, there was obtained a compact 
lithium ion secondary battery having a large energy 
density, excellent charge and discharge characteristics, 
a large battery capacity, and high durability, reliability 
and safety. 

30 While in this embodiment the positive electrode of 
band form was arranged between a pair of separators of 
band form, and the negative electrode was arranged on 
one of the separators, the same type of a battery could 
be prepared by arranging the negative electrode in 

35 between the separators and the positive electrode on 
one of the separators. 

In Embodiments 11 to 13, when the number of the 
electrode laminates was varied, the battery capacity 
increased with the number of the laminates. 

40 
EMBODIMENT 14 

An solid electrolyte, the positive electrode prepared 
in Embodiment 1, and the negative electrode prepared 

45 in Embodiment 2. were laminated to form a tabular lam- 
inate battery body having the structure shown in Fig. 2. 
Current collecting tabs connected to the every end of 
the positive electrodes and the negative electrodes 
were connected by spot welding to make electrical con- 

so nections in series. The solid electrolyte is formed as fol- 
lows. At first an electrolytic solution is obtained by 
solving 1 mol/l of lithium hexafluorophosphate (electro- 
lyte) in a mixed solvent of ethylene carbonate and 1,2- 
dimethoxyethane. And an mixture of 30 wt% of acrylate 

55 compound (PEM 1000), 1 wt.% of azobisisobuthyronito- 
rile and the solution is put into a clearance of 0.5mm 
between glass plates and dried by heating at 80 °C for 2 
hours to form a gel-state of solid electrolyte. And then a 
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small amount of The film pack was heat-sealed while 
evacuating so as to prevent air from being entrapped 
between the electrodes to complete a battery having a 
multilayer structure. 

On evaluating the battery characteristics, the 
energy density per unit weight was 70 Wh/kg. Even after 
100 charge and discharge cycles at a current of C/4, the 
charge capacity was as high as 60% of the initial level. 

FMBpDIMENT 1$ 

An solid electrolyte, the positive electrode prepared 
in Embodiment 1, and the negative electrode prepared 
in Embodiment 2, were laminated to form a tabular lam- 
inate battery body having the structure shown in Fig. 2. 
Current collecting tabs connected to the every end of 
the positive electrodes and the negative electrodes 
were connected by spot welding to make electrical con- 
nections in series. The solid electrolyte is formed as fol- 
lows. At first, tetrahydrofuran mixed to a mixture of 30 
wt% of acrylate compound P EM 1000 and 1 wt% of azo- 
bisisobuthyronitrile is put into a clearance of 0.5mm 
between glass plates and dried by heating at 80 °C for 2 
hours to form a gel-state of solid electrolyte. And then 
the solid electrolyte is dried at 60 °C for 1 hour with fix- 
ing peripheral portion so as to prevent the solid electro- 
lyte from shrinking. 
And then a small amount of The film pack was heat- 
sealed while evacuating so as to prevent air from being 
entrapped between the electrodes to complete a battery 
having a multilayer structure. 

On evaluating the battery characteristics, the 
energy density per unit weight was 65 Wh/kg. Even after 
100 charge and discharge cycles at a current of C/4, the 
charge capacity was as high as 60% of the initial level. 

According to the present invention, the electrode 
obtained by forming a mixture of a powdered active 
material and electrically conductive fiber into sheeting 
exhibits high performance, haying an increased active 
material packing density, flexibility, improved durability 
against deformation, resistance to destruction, high reli- 
ability and safety, and excellent battery characteristics. 
In addition, the electrode can be impregnated with an 
electrolytic solution with ease, making battery assembly 
simpler. 

According to one embodiment of the electrode 
which is composed of a fiber-containing active material 
layer formed of a mixture of a powdered active material 
and conductive fiber and an active material layer made 
of the powdered active material, the electrode produces 
not only the above-described effects but also the effect 
that the conductive fiber is prevented from being 
exposed on the surface and scratching the separator 
when assembled into a battery. Therefore the safety is 
improved. 

According to another embodiment of the electrode 
which comprises a conductive film having thereon a 
fiber-containing active material layer formed of a mix- 

I6 898 A2 14 

ture of a powdered active material and conductive fiber, 
the active material packing density can be increased, 
and the flexibility can be improved. As a result, a high 
performance and high safety electrode with excellent 

5 durability can be obtained. Such an electrode provides 
a lithium ion secondary battery having high reliability, 
high safety, and excellent battery characteristics. 

The lithium ion secondary battery according to the 
present invention has an electrode laminate composed 

10 of a pair of electrodes according to the present invention 
adhered via a separator therebetween. The battery is 
hardly destroyed, excellent in durability, and safe. It can 
take any arbitrary shape, such as a thin shape, and yet 
has a large energy density and excellent charge and 

75  discharge characteristics. 
Where the lithium ion secondary battery has a plu- 

rality of the above-mentioned electrode laminates, the 
resulting battery is still compact and has high perform- 
ance and a large battery capacity with excellent durabil- 

20   ity and reliability. 

Claims 

1.   An electrode (8) for a lithium ion secondary battery 
25       comprising a fiber-containing active material layer 

(3) of sheet form formed of a mixture comprising a 
powdered active material (1) and electrically con- 
ductive fibers (2). 

30  2.  The electrode (8) according to claim 1, 
further comprising an active material layer (4) com- 
prising the fiber-containing active material (3) 
formed thereon. 

35  3.  The electrode (8) according to claim 1, 
wherein the fiber-containing active material layer 
(3) is formed on an electrically conductive film (5). 

4. A lithium ion secondary battery comprising 
40 

an electrode laminate (10) composed of a pos- 
itive electrode (8a), a negative electrode (8b) 
and an electrolyte (9) interposed therebe- 
tween, 

45 wherein at least one of the positive electrode 
(8a) and the negative electrode (8b) comprises 
a fiber-containing active material layer (3) of 
sheet form formed of a mixture comprising a 
powdered active material (1) and electrically 

so conductive fibers (2). 

5. The battery according to claim 4, 
wherein the electrolyte (9) is a solid electrolyte. 

55  6.  The battery according to claim 4, 
wherein the electrolyte (9) is a separator retaining 
an electrolytic solution. 
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7. A lithium ion secondary battery comprising 

a plurality of electrode laminates (10) each of 
which is composed of a positive electrode (8a), 
a negative electrode (8b) and an electrolyte (9) s 
interposed therebetween, 
wherein at least one of the positive electrode 
(8a) and the negative electrode (8b) comprises 
a fiber-containing active material layer (3) of 
sheet form formed of a mixture comprising a 10 
powdered active material (1) and electrically 
conductive fibers (3). 

8. The battery according to claim 7, 
wherein the plurality of electrode laminates (10) is is 
fabricated of a plurality of cut sheets of the electro- 
lyte (9) between which positive electrodes (8a) and 
negative electrodes (8b) are alternately interposed. 

9. The battery according to claim 7, 20 
wherein the plurality of electrode laminates (10) is 
made up of a rolled pair of electrolytes (9) in 
between which the positive electrodes (8a) and the 
negative electrodes (8b) are alternately interposed. . 

25 
10. The battery according to claim 7. 

wherein the plurality of electrode laminates (10) is 
made up of a folded pair o1 electrolyte (9) in 

. between which the positive electrode (8a) and the 
negative electrode (8b) are alternately interposed, so 

35 

40 

45 

50 
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